**What was known?**

Permethrin, pyrethroids, malathion, lindane, oral ivermectin, cotrimoxazole were known treatments of pediculosis.

Introduction {#sec1-1}
============

Pediculosis capitis is one of the most common ectoparasitic infestations, known since time immemorial. Its illustrative evidence comes from the oldest known fossils of louse eggs, approximately 10,000 years old.\[[@ref1]\] Children, in the age group of 5-13 years are the usual victims.\[[@ref2][@ref3]\] Pediculosis capitis may result in substantial social distress, discomfort, parental anxiety, embarrassment to the child, and unnecessary absence from school and work.\[[@ref4]\] There has been a perceptible upsurge of the incidence of pediculosis over the past 3 decades. Besides, there has been a surfacing up of treatment failures due to treatment-resistant lice over the past decades. Pyrethroids, lindane, and to some degree malathion, have been associated with treatment resistance. In this direction, recent approval of benzyl alcohol and spinosad by the United States Food and Drug Administration for treating head lice infestation is a breakthrough. Adjunctive physical modalities also need to be reemphasized. Alternative medicine is being explored.

Methodology {#sec1-2}
===========

A search was made on Medline/Pubmed (1978-2011) using the key words head lice, pediculosis, permethrin 1%, permethrin 5%, pyrethroids, pyrethrins plus piperonyl butoxide, malathion, lindane, benzyl alcohol, spinosad, alternative medicine, essential oils, crotamiton, ivermectin, trimethopeim-sulfamethoxazole, cotrimoxazole, physical methods, occlusive therapy, and resistance. In addition, Google search was made using the key words Ayurveda, head lice, and pediculosis. Papers relevant to the current topic in English language were selected. The treatment modalities *in vogue* have been categorized based on the clinical level of evidence.\[[@ref1]\]

 {#sec2-1}

### Epidemiology {#sec3-1}

Pediculosis capitis has been well-known since antiquity. School children are commonly afflicted, but refugees, urban slums, child labor, jails, orphanages, and fishing communities are vulnerable too. Although socioeconomic status seems to be an indicator of the magnitude of lice infestation, more specific determinants are the dynamic processes of hygienic status and overcrowding.

Population-based studies in European countries show highly diverging prevalences, ranging from 1% to 20%.\[[@ref5]\] In an Indian study, out of a total of 940 study subjects from government run schools, 156 (16.59%) were found to be infested with head louse.\[[@ref6]\]

### Treatment {#sec3-2}

Those with evidence of an active head lice infestation should be treated. Besides, it is imperative to screen all household members and other close contacts. Prophylactic treatment may be considered for persons who share the same bed with actively infested individuals. Akin to scabies, infested persons and their bed mates should be treated at the same time. A practical approach to choosing a pediculicide depending on the ovicidal action and the instructions to their use are illustrated in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}.

![Flowchart depicting pediculicides based on ovicidal action](IJD-60-238-g001){#F1}

![Instructions for using pediculicides](IJD-60-238-g002){#F2}

Choice of a treatment modality for pediculosis should be made considering safety, efficacy, local pattern of resistance, and cost. Following are the various treatment modalities for pediculosis capitis.

Treatment of Pediculosis {#sec1-3}
========================

 {#sec2-2}

### Permethrin 1% {#sec3-3}

It was introduced for the first time in the year 1986 as a scheduled topical agent. Subsequently, 1% permethrin, a synthetic pyrethroid, was approved and was available on counter for use in 1990. Pruritus, erythema, and edema are its usual side effects. It is interesting to note that Permethrin is less allergenic than pyrethrins and does not cause allergic reactions in those with plant allergies. It is applied to damp hair that is first shampooed with a nonconditioning shampoo and then towel dried. It is left on for 10 min and then rinsed off. Permethrin leaves a residue on the hair that is designed to kill nymphs emerging from 20% to30% of the eggs not killed with the first application.\[[@ref7]\] However, conditioners and silicone-based additives present in almost all currently available shampoos impair permethrin adherence to the hair shaft and reduce its residual effect.\[[@ref8]\] Therefore, the application needs to be repeated in 7-10 days, if live lice are seen. Recent recommendations suggest a re-treatment, preferably on 10^th^ day.\[[@ref8][@ref9]\] An alternate treatment schedule on days 0, 7, and 13-15 has been proposed for nonovicidal pediculicides.\[[@ref10]\] Resistance to 1% permethrin has been reported,\[[@ref8][@ref10][@ref11][@ref12][@ref13][@ref14]\] but its prevalence is unknown. Failure of existing treatments can also be caused by reinfestation, lack of ovicidal killing properties of the product, or noncompliance not following treatment directions, for example, not completely combing out all of the viable nits after treatment.\[[@ref15]\] Moreover, adjunctive combing to remove nits, by nonprofessional caregivers may be unreliable.\[[@ref16]\]

### Malathion 0.5% {#sec3-4}

0.5% Malathion, a cholinesterase inhibitor, was reintroduced for the treatment of head lice in the United States in the year 1999. Earlier it had to be withdrawn because of prolonged application time, flammability, and odor. It is available as a lotion that is applied to dry hair, left to air dry, then washed off after 8-12 h, with clear-cut instructions to allow the hair to dry naturally; not to use a hair dryer, curling iron, or flat iron while the hair is wet; and not to smoke near a child receiving treatment, for its flammability. It may even be effective with short contact duration of 20 min.\[[@ref17]\] Head lice in the United Kingdom and elsewhere have shown resistance to malathion preparations, which have been available for decades in those countries.\[[@ref18][@ref19]\] The current US formulation of malathion (Ovide lotion, 0.5%) differs from those available in Europe in that it contains terpineol, dipentene, and pine needle oil, which themselves have pediculicidal properties and may delay the development of resistance.\[[@ref20]\] Malathion has high ovicidal activity,\[[@ref7]\] and a single application is adequate for most patients. However, the product should be reapplied in 7-9 days if live lice are still seen. Safety and effectiveness of malathion lotion have not been established in children younger than 6 years, and the product is contraindicated in children younger than 2 years. Moreover, it has a theoretic risk of respiratory depression if accidentally ingested, for its cholinesterase inhibitory property. A 30-min application of malathion gel may provide a comparable efficacy, increased safety, and cosmetic acceptability than the lotion form.\[[@ref21]\]

### Lindane 1% {#sec3-5}

1% Lindane is available since 1951. It is an organochloride that has central nervous system toxicity; several cases of severe seizures in children using lindane have been reported.\[[@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\] Available as a 1% lindane shampoo, it should be left on the scalp for not more than 4 min, and its reapplication should be in 9-10 days. It has low ovicidal activity (30-50% of eggs are not killed),\[[@ref8]\] and resistance has been reported worldwide for many years.\[[@ref28][@ref29]\] It should only be used for patients who cannot tolerate or whose infestation has failed to respond to first-line treatment. The Food and Drug Administration has issued a public health advisory concerning the use of lindane, which emphasized that it is a second-line treatment, is contraindicated for use in neonates, and should be used with extreme caution in children and in individuals who weigh less than 50 kg (110 lb) and in those who have HIV infection or take certain medications that can lower the seizure threshold.\[[@ref30]\] Lindane is no longer recommended by the American Academy of Pediatrics (Red Book 2009).\[[@ref31]\] All topical pediculicides should be rinsed from the hair over a sink rather than in the shower or bath to limit skin exposure and with warm rather than hot water to minimize absorption attributable to vasodilation.\[[@ref32]\]

### Permethrin 5% (Permite) {#sec3-6}

5% Permethrin, available only as a cream, usually applied overnight for scabies for infants as young as 2 months. It has anecdotally been recommended for the treatment of head lice that seem to be recalcitrant to other treatments.\[[@ref33]\] No randomized case-control studies have reported efficacy to date. The results of one study suggested that lice resistant to 1% permethrin will not succumb to higher concentrations.\[[@ref14]\] Permethrin 5% is not currently approved for use as a pediculicide.

### Crotamiton 10% {#sec3-7}

It has shown to be effective against head lice when applied to the scalp and left on for 24 h before rinsing out.\[[@ref34]\] Reports have suggested that 2 consecutive night time applications safely eradicate lice from adults.\[[@ref35]\] Safety and absorption in children, adults, and pregnant women have not been evaluated.

### Oral ivermectin {#sec3-8}

It is an anthelmintic agent structurally similar to macrolide antibiotic agents but without antibacterial activity. A single oral dose of 200 μg/kg, repeated in 10 days, has been shown to be effective against head lice.\[[@ref36]\] Most recently, a single oral dose of 400 μg/kg repeated in 7 days has been shown to be more effective than 0.5% malathion lotion.\[[@ref37]\] It has also been used successfully in school children, 2 doses a week apart.\[[@ref38]\] Ivermectin may cross the blood--brain barrier and block essential neural transmission; young children may be at higher risk of this adverse drug reaction. Therefore, ivermectin should not be used for children who weigh less than 15 kg.\[[@ref39]\] Ivermectin is also available as a 1% topical preparation. It is applied for 10 min.\[[@ref19]\]

### Sulfamethoxazole-trimethoprim {#sec3-9}

The oral antibiotic agent sulfamethoxazole--trimethoprim has been cited as effective against head lice.\[[@ref40]\] It is postulated that this antibiotic agent kills the symbiotic bacteria in the gut of the louse or perhaps has a direct toxic effect on the louse. Another study showed that prolonged course was needed to free the patients from adult and nymphal stages but not the eggs (nits).\[[@ref41]\] The results of a study indicated increased effectiveness when sulfamethoxazole--trimethoprim was given in combination with permethrin 1% when compared with permethrin 1% or sulfamethoxazole--trimethoprim alone.\[[@ref42]\]

### Benzyl alcohol 5% {#sec3-10}

5% Benzyl alcohol was the first nonneurotoxic pediculicide approved for treatment of head lice in children older than 6 months. It is nonneurotoxic and kills head lice by asphyxiation. Pruritus, erythema, pyoderma, and ocular irritation are its usual side effects. It is nonovicidal and should be applied thoroughly so as to saturate the hair and should be left for 10 min and repeated in 7 days,\[[@ref43]\] although as with other nonovicidal products, consideration should be given to retreating in 9 days or using 3 treatment cycles (days 0, 7, and 13-15), as mentioned previously.

### Spinosad 0.9% {#sec3-11}

It is a recent advent for topical application. However, it is not yet available in India. It is derived through the fermentation of a naturally occurring organism. Spinosad is a natural mixture of the pediculicidal tetracyclic macrolides spinosyn A and spinosyn D. Spinosad interferes with nicotinic acetylcholine receptors in insects, thereby producing neuronal excitation that results in paralysis of lice from neuromuscular fatigue after extended periods of hyperexcitation\[[@ref44]\] Spinosad kills both permethrin-susceptible and permethrin-resistant populations of lice. It is also ovicidal, killing both eggs and lice. Systemic absorption was not detectable after a single topical application of spinosad 1.8% for 10 min in children. In randomized, evaluator-blind, multicenter clinical trials, topical spinosad 0.9% without nit combing was significantly more effective than permethrin 1% with nit combing in the eradication of head lice assessed 14 days after 1 or 2 treatments.\[[@ref45]\] The majority of subjects treated with spinosad 0.9% without nit combing required only a single treatment to eradicate head lice, whereas the majority of those treated with permethrin 1% with nit combing required 2 treatments. Spinosad is generally innocuous. Cutaneous and ocular irritation are the common adverse events.

### Topical ivermectin 0.5% lotion {#sec3-12}

It is approved for use in children older than 6 months, based on 2 randomized, double-blind phase III clinical trials that compared 10-min application of topical ivermectin with a vehicle control (placebo) in 781 patients from the United States who were 6 months and older. Conjunctivitis, ocular hyperemia, eye irritation, dandruff, dry skin, and skin-burning sensation are the few adverse events, which are rarely encountered.

### Pyrethrins plus piperonyl butoxide {#sec3-13}

It is derived from natural extracts from the chrysanthemum; pyrethrins are formulated with piperonyl butoxide. Pyrethrins are neurotoxic to lice but have extremely low mammalian toxicity. Their use should be avoided in those allergic to chrysanthemums and ragweed. A pyrethrin--piperonyl--butoxide shampoo was compared with a similarly formulated lotion for their pediculicidal and ovicidal effects against head lice. Although both products proved to be effective in killing lice, the shampoo had a greater ovicidal efficacy, 50% versus 25% for the lotion, after adjustment for natural mortality of the ova.\[[@ref46]\]

Pyrethrins plus piperonyl butoxide is available in shampoo or mousse formulations that are applied to dry hair and left on for\[[@ref12]\] minutes before rinsing out. No residual pediculicidal activity remains after rinsing. However, none of them are totally ovicidal against newly laid eggs do not have a nervous system for several days; 20-30% of the eggs remain viable after treatment,\[[@ref7]\] which necessitates a second treatment to kill newly emerged nymphs hatched from eggs that survived the first treatment. Moreover, their efficacy has decreased over a period substantially because of emerging resistance, which seems to be variable.\[[@ref18][@ref47]\]

Comparison of Pediculicides {#sec1-4}
===========================

A study compared 0.5% malathion with 1% lindane shampoo in pediculosis capitis. Both preparations demonstrated *in vitro* ovicidal activity, but neither totally abolished post-treatment hatching. No side effects were reported from either preparation.\[[@ref48]\] Ovicidal activity and killing times were evaluated for 6 pediculicides, using viable eggs and recently fed head lice from infested children. Four synergized pyrethrin products killed all lice in 10-23 min, and 23-32% of treated eggs hatched; 0.5% malathion lotion killed lice within 5 min and was highly ovicidal, with only 5% of eggs hatching. One percent lindane shampoo was the slowest-acting pediculicide, requiring approximately 3 h to kill all lice; 30% of the eggs hatched after treatment.\[[@ref7]\] In a further study 5 years later, there was no significant change in the effectiveness of 0.5% malathion lotion compared with the previous results. On the other hand, there were significant declines in the ovicidal activity of lindane. 1% Permethrin, which was not on the market at the time of the original study, killed lice in less than 30 min, and ovicidal activity ranged from 73% to 90% (diluted and undiluted, respectively).\[[@ref49]\] The same group of authors, 1 year later, further evaluated the efficacy of the pediculicides and found the order of effectiveness from most to least effective as follows: Malathion lotion, natural pyrethrin product synergized with piperonyl butoxide, undiluted and diluted 1% permethrin, and 1% lindane shampoo. Malathion was the only pediculicide that had not become less effective.\[[@ref8]\] The pediculicidal activity of malathion 0.5% lotion was compared with that of 1% permethrin, in permethrin-resistant head lice, identified by the presence of knockdown resistance-type mutations. Malathion resistance was not observed in this study and it killed the permethrin-resistant head lice approximately 10 times faster than permethrin. A 20-min treatment with malathion, instead of the approved 8- to 12-h application, cured 40 of 41 subjects (98%), demonstrating superior efficacy to 1% permethrin.\[[@ref17]\] For difficult-to-treat head lice infestation, oral ivermectin, given twice at a 7-day interval, may be more effective\[[@ref37]\] or as efficacious\[[@ref50]\] as topical 0.5% malathion lotion. The efficacy and safety of 3 topical pediculicides: A pediculicide containing melaleuca oil (tea tree oil) and lavender oil (TTO/LO); a head lice "suffocation" product; and a product containing pyrethrins and piperonyl butoxide (P/PB), was compared. The percentage of subjects who were louse free after the last treatment with the product containing tea tree oil and lavender oil and the head lice "suffocation" product was significantly higher compared with the percentage of subjects who were louse free 1 day after the last treatment with the product containing pyrethrins and piperonyl butoxide.\[[@ref51]\] Furthermore, "suffocation" pediculicide and the melaleuca oil and lavender oil pediculicide (TTO/LO) have been shown to be significantly more ovicidal than eucalyptus oil and lemon tea tree oil pediculicide. The "suffocation" pediculicide and TTO/LO are also highly efficacious against the lice.\[[@ref52]\]

Permethrin has been shown to be significantly better than pyrethrins plus piperonyl butoxide for eradicating the lice infestation.\[[@ref53]\]

For a glance, the salient details of the recommended pediculicides, evidence-based, are recounted in [Table 1](#T1){ref-type="table"}.

###### 

Treatment of pediculosis capitis: evidence based

![](IJD-60-238-g003)

Alternative Medicine {#sec1-5}
====================

Essential oils have been widely used in traditional medicine for the eradication of head lice, but because of the variability of their constitution, the effects may not be reproducible. Several formulations for the treatment of head lice are in vogue. Efficacy of monoterpinoid constituents was assessed *in vitro*. Terpinen-4-ol was the most effective compound against adult lice, followed by other mono-oxygenated monocyclic compounds, whereas nerolidol was particularly lethal to eggs, but ineffective against adult lice.\[[@ref54]\]

In another study, the most effective essential oil against lice *in vitro* was shown to be tea tree oil; lavender the second most effective, and lemon oil the least. Lotions containing lavender, peppermint, and eucalyptus oils in a 5% composition and the combination of eucalyptus and peppermint in a total concentration of 10%, dissolved in 50% ethanol + isopropanol (1+1) in water have been shown to be effective against permethrin-resistant pediculosis.\[[@ref55]\] *Eucalyptus sideroxylon, Eucalyptus globulus* ssp *globulus*, and *Eucalyptus globulus* ssp *maidenii* have been found to be the most effective Eucalyptus oils against permethrin-resistant pediculosis.\[[@ref56]\] The essential oil extracted from rhizomes of *Hedychium spicatum* was evaluated for *in vitro* pediculicidal activity. At 5%, 2%, and 1% concentration the essential oil showed more significant activity than 1% permethrin-based product.\[[@ref57]\] The efficacy of extract and oil obtained from fruits of *Melia azedarach* L. was assessed *in vitro*.\[[@ref58]\] The highest lice mortality rate was obtained with a combination of 20% ripe fruit extract with 10% ripe fruit oil. A formulation made with both extract and oil at 10% plus the addition of emulsifier and preserving agents showed 92.3% pediculicidal activity. The products were also successful in delaying or inhibiting nymph emergence.\[[@ref58]\] *Cinnamomum* bark essential oil has got ovicidal and adulticidal properties, which need further exploration.\[[@ref59]\]

Besides essential oils, neem (*Azadiracta indica*) seed extract shampoo proved to be highly effective against all stages of head lice. No obvious differences regarding the efficacy of the shampoo were observed between an exposure time of 10, 15, or 30 min. No side effects, such as skin irritation, burning sensations, or red spots on the scalp, forehead, or neck, respectively, were observed.\[[@ref60]\] Grape fruit juice has been seen to have a very quick and efficient activity besides its advantages of being noninflammable, skin safe, and nice smelling.\[[@ref61]\]

Ayurveda, Indian system of medicine, recommends a number of medications, including paste of bitter almonds, powder of the bark of *Celastrus paniculata* (Malakanguni) with mustard oil, paste made of the finely powdered seeds of custard apple (Seetaa-phal) with water, tobacco paste, emulsion of soap-nut (rita), *Azadiracta indica* (neem), and alum (Phitkari) paste.

Therapies with Physical Mechanisms {#sec1-6}
==================================

 {#sec2-3}

### Occlusive agents {#sec3-14}

These are applied to suffocate the lice. They are widely used but have not been evaluated for effectiveness in randomized, controlled trials.

Petroleum jelly massaged on the entire surface of the hair and scalp and left on overnight with a shower cap has been suggested. Diligent shampooing is usually necessary for at least the next 7-10 days to remove the residue. It is thought that the viscous substance obstructs the respiratory spiracles of the adult louse as well as the holes in the operculum of the eggs and blocks efficient air exchange.\[[@ref62]\] Another interpretation is that the intense, daily attention to hair grooming results in removal of all the lice and nits. Hair pomades are easier to remove but may not kill eggs, and treatment should be repeated weekly for 4 weeks.\[[@ref63]\] Other occlusive substances have been suggested; mayonnaise, tub margarine, herbal oils, and olive oil. Evaluation of several home remedies (vinegar, isopropyl alcohol, olive oil, mayonnaise, melted butter, and petroleum jelly) revealed that the use of petroleum jelly caused the greatest egg mortality, allowing only 6% to hatch.\[[@ref64]\] A 96% cure rate has been reported with a suffocation-based pediculicide lotion applied to the hair, dried on with a hand-held hair dryer, left on overnight, and washed out the next morning. The process must be repeated once per week for 3 weeks. The product contained no neurotoxins and did not require nit removal or extensive house cleaning.\[[@ref65]\]

### Dimethicone {#sec3-15}

4% Lotion (long-chain linear silicone in a volatile silicone base) in two 8-h treatments, a week apart eradicated head lice in 69% of participants in the United Kingdom.\[[@ref66]\] Another study found dimeticone product to be safe and more efficacious than permethrin.\[[@ref67]\] Resistance to dimeticone is unlikely due to its physical mode of action.

### Isopropyl myristate {#sec3-16}

50% Solution of isopropyl myristate dissolves the waxy exoskeleton of the louse, resulting in dehydration and death of the louse.\[[@ref68][@ref69]\]

### Desiccation {#sec3-17}

The Louse Buster, a custom-built machine uses one 30-min application of hot air. A study showed that subjects had nearly 100% mortality of eggs and 80% mortality of hatched lice.\[[@ref70]\] The machine is expensive, and the operator requires special training in its use. A regular blow-dryer should not be used in an attempt to accomplish this result, because it has been shown that wind and blow-dryers can cause live lice to become airborne and, in thus, potentially spread to others in the vicinity.

### Manual removal {#sec3-18}

Removal of nits immediately after treatment with a pediculicide is not necessary to prevent spread, because only live lice cause an infestation. Manual removal of nits (especially the ones within 1 cm of the scalp) after treatment with any product is recommended.\[[@ref71]\] Fine-toothed "nit combs" are handy for the purpose.\[[@ref72][@ref73]\] Studies have suggested that lice removed by combing and brushing are damaged and rarely survive.\[[@ref74]\] In the United Kingdom, community campaigns have been launched using "bug-buster" combs and ordinary shampoo,\[[@ref75][@ref76]\] with everyone being instructed to shampoo hair twice per week for 2 weeks and to vigorously comb out wet hair each time. The wet hair seems to slow down the lice. A recent study found that "The Bug Buster kit (1998 version)" was the most effective over-the-counter treatment for head louse infestation in the community when compared with pediculicides.\[[@ref77]\] This was unlike the previous study results with "The Bug Buster kit (1996 version)" where malathion was found to be twice as effective as bug busting. Combing dry hair does not seem to have the same effect; a study conducted in Australia in which children combed their hair daily at school with an ordinary comb determined that it was not effective.\[[@ref78]\] Some have postulated that vigorous dry combing or brushing in close quarters may even spread lice by making them airborne via static electricity.\[[@ref79]\] One study showed that manual removal is not as effective as pediculicides and does not improve results, even when used as an adjunct to pediculicide treatment.\[[@ref16]\]

Battery-powered "electronic" louse combs with oscillating teeth are available that claim to remove live lice and nits as well as combs that resemble small bug zappers that claim to kill live lice.\[[@ref79]\] No randomized, case-controlled studies have been performed with either type of comb. Their instructions warn not to use on people with a seizure disorder or a pacemaker. Some egg-loosening agents claim to loosen the glue that attaches nits to the hair shaft, thus making the process of nit-picking easier. Vinegar or vinegar-based formulations may be applied to the hair for 3 min before combing out the nits. However, no clinical benefit has been demonstrated\[[@ref27][@ref63]\] yet it is not recommended for use with permethrin, as it may interfere with permethrin\'s residual activity. Although, head shaving could be a simple and effective method to remove the lice and eggs and is in practice in developing countries.

Pediculicide Resistance {#sec1-7}
=======================

The true prevalence of resistance to a particular pediculicide is unknown, and may vary from region to region.\[[@ref21][@ref24][@ref28][@ref49][@ref80][@ref81][@ref82]\] Recently, in a German study, coconut and anise spray were found to be significantly more effective than permethrin 0.43% lotion in pediculosis capitis thereby demonstrating clinical resistance.\[[@ref83]\]

Amino acid substitutions (Thr929Ile and Leu932Phe) in the alpha subunit of the voltage-gated sodium channel are considered to reduce or delay the insecticidal effects of permethrin and dichlorodiphenyltrichloroethane (DDT). The DNA sequence bearing the 2 mutations is called the knockdown resistance (kdr)-like gene. However, in the pediculus capitis populations examined, the kdr-like gene does not correlate with failure of permethrin or pyrethrin treatment.\[[@ref84]\] An enzyme-mediated malathion-specific esterase is the likely mechanism of lice resistance to malathion.\[[@ref20]\]

In the event of treatment failure, it is worthwhile to consider misdiagnosis (no active infestation or misidentification); lack of adherence (patient unable or unwilling to follow treatment protocol); inadequate treatment (not using sufficient product to saturate hair); reinfestation (lice reacquired after treatment); lack of ovicidal or residual killing properties of the pediculicide (eggs not killed can hatch and cause self-reinfestation); and/or resistance of lice to the pediculicide.\[[@ref85]\] Spinosad, benzyl alcohol 5% or malathion 0.5% may be used, in case of resistance, for those older than 6 months and 24 months, respectively. However, in younger patients, manual removal or an occlusive therapy is recommended, with emphasis on careful technique and the use of 2-4 properly timed treatment cycles.

**What is new?**

Spinosad, topical ivermectin, benzyl alcohol, alternative medicines are discussed. Pediculicides have been compared and the problem of pediculicide resistance has been elaborated.
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